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Methods:	The study utilised the biochemistry based AKI electronic (e)-alert system 




Results:	 There	 were	 are	 total	 of	 48,457	 incident	 AKI	 alerts.	 	 The	 highest	
proportion	 of	 AKI	 episodes	was	 seen	 in	 the	 quarter	 of	 January	 to	March	
(26.2%),	 and	 the	 lowest	 in	 the	 quarter	 of	 October	 to	 December	 (23.3%,	
p<0.001).		The	same	trend	was	seen	for	both	community-acquired	and	hospital-
acquired	 AKI	 sub-sets.	 	 Overall	 90-day	 mortality	 for	 all	 AKI	 was	 27.3%.	 In	
contrast	 to	 the	 seasonal	 trend	 in	 AKI	 occurrence,	 90-day	 mortality	 after	 the	
incident	AKI	alert	was	significantly	higher	in	the	quarters	of	January	to	March	
and	October	to	December	compared	to	the	quarters	of	April	to	June	and	July	

























harm	 [10].	 	 This	 has	 driven	 initiatives	 to	 facilitate	 early	 detection	 and	
intervention	 in	 order	 to	 improve	 patient	 outcomes.	 	 In	 response	 the	 Royal	
College	 of	 Physicians,	 at	 a	 consensus	 conference	 in	 the	 UK,	 recommended	 the	
adoption	of	an	e-alert	system	to	aid	 in	the	early	 identification	of	AKI	[11].	 	The	
presumed	 benefits	 of	 early	 detection	 of	 AKI	 has	 led	 to	 the	 development	 of	 an	
automated	an	AKI	electronic	alert	system	in	in Wales, and the other home countries 
of the United Kingdom [12].  Electronic	alerts	are	generated	by	comparing	a	single	
serum	 creatinine	 measurement	 with	 previous	 measurements	 for	 the	 same	






















Electronic	 Reporting	 of	 AKI:	 The	 previously	 described	 (and	 validated)	Welsh	
electronic	AKI	reporting	system	[22],	utlitises	the	Welsh	Laboratory	Information	









Wales	 between	1st	October	 2015	 and	 the	 30th	 September	 2016,	 and	 organised	
into	quarters.		The	“calendar”	year	was	divided	into	four	quarters:	 January	
to	March	(Jan-Mar),	April	to	June	(Apr-Jun),	July	to	September	(Jul-Sep)	and	
October	 to	December	 (Oct-Dec).	 	Clinical	 location,	patient	age,	AKI	stage	and	
the	rule	under	which	the	AKI	alert	was	generated	was	collected	together	with	all	











alerting	 in	 a	 non-inpatient	 setting	 (including	 Accident	 and	 Emergency/Acute	
assessment	 units)	 and	 not	 alerting	 in	 primary	 care	 were	 classified	 as	 non-
primary	care	community	acquired	(CA)-AKI.		Primary	care	and	non-primary	care	
CA-AKI	 therefore	collectively	represent	CA-AKI.	 	Hospitalisation of CA-AKI, was 
defined as a measurement of renal function in a hospital setting within 7 days 
following the AKI e-alert.  4399	 (9.1%)	patients	whilst	 alerting	 in	an	 in-patient	
setting	 had	 no	 results	 for	 the	 previous	 7	 days.	 	 As	 these	 patients	 did	 not	




patient	 within	 30	 days	 the	 incident	 alert	 was	 not	 considered	 a	 new	 episode.		
Progression of AKI was defined as a peak AKI stage higher than that associated with 
incident e-alert or for stage 3 alerts an increase ≥50% from the SCr generating the 




Statistical	 significance	was	 determined	 by	 one	way	 ANOVA,	 student	 t	 test	 and	
Chi2	 test	as	appropriate.	The	 influence	of	age,	 sex	and	pre-existing	CKD	on	AKI	





Over	 the	 study	 period	 there	 were	 a	 total	 of	 48,457	 incident	 AKI	 alerts,	 and	 a	
progressive	 fall	 in	 the	number	of	AKI	episodes	 in	each	quarter	of	 the	calendar	
year	(Table	1	and	Figure	1A),	with	the	proportion	of	AKI	 falling	 from	26.2%	in	
the	quarter	 of	 Jan-Mar	 to	 23.3%	 in	 the	quarter	 of	 Oct-Dec	 (p<0.001).	 	 The	
seasonal	 trend	 in	 AKI	 occurrence	was	 not	 associated	with	 differences	 in	 basic	
patient	demographic	as	assessed	by	sex,	age	or	pre-existing	CKD	(Table	1).			In a 
logistic regression model age, gender and pre-existing CKD had no influence on the 
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primary outcome i.e. seasonal variation in AKI.	 	As	a	results	age adjusted incidence 
of AKI in each season also demonstrated a fall from 25.9% in Jan-Mar to 23.8% in 
Oct-Dec (p<0.001). 	
	
Incidence	of	CA-AKI:	 	Of	all	AKI	which	occurred	during	 the	 study	period	49.9%	
were	 CA-AKI	 alerts	 (Table	 2).	 	 This	 represents	 a	 total	 of	 24,178	 alerts.	 The	
number	 of	 CA-AKI	 episodes	 varied	 across	 the	 year	 (Figure	 1B).	 	 The	 highest	




31.5%	 of	 CA-AKI	 represented	 alerts	 generated	 in	 Primary	 care	 (GP-AKI),	 and	
48.4%	represented	patients	alerting	at	the	hospital	front	door	(A&E	AKI).	 	Both	
cohorts	 demonstrated	 the	 same	 seasonal	 trends	 with	 a	 significantly	 lower	
number	 of	 AKI	 alerts	 in	Oct-Dec	 (Table	 2).	 	 	 Only	 42.9%	 of	 all	 CA-AKI	 were	
admitted	 to	 hospital	 following	 the	 alert.	 The	 same	 seasonal	 trends	 seen	 in	 the	






of	 HA-AKI	 episodes	 in	 Jan-March	 (5334),	 was	 statistically	 greater	 than	 the	
number	of	 episodes	 in	 all	other	quarters.	The	 comparative	 fall	 in	 each	quarter	
was	 statistically	 significant,	with	 the	 lowest	number	of	 cases	being	 seen	 in	 the	




In	 the	absence	of	 clinical	data,	 to	provide	 insight	 into	 the	nature	of	HA-AKI	we	
analysed	 the	 seasonal	 incidence	 of	 AKI	 in	 relation	 to	 the	 clinical	 speciality	 in	
which	 the	 alert	was	 generated	 (Table	4).	 	 	Only	 specialities	 in	which	≥200	AKI	
episodes	were	documented	during	the	year	were	included	in	this	analysis.	 	The	
decreasing	 trend	of	AKI	 incidence	throughout	 the	calendar	year	was	significant	
in	 the	 majority	 of	 the	 medical	 specialties,	 the	 exceptions	 being	
hematology/oncology	and	endocrinology.		It	should	however	be	noted	that	these	
two	 specialties	 also	 had	 the	 fewest	 number	 of	 episodes.	 Within	 the	 surgical	
specialties	 the	 pattern	 of	 falling	 numbers	 was	 seen	 in	 General	 surgical	 and	

















HA-AKI:	As	with	CA-AKI,	90-day	mortality	was	 significantly	higher	 following	 an	
alert	 in	 the	 Jan-Mar	 and	 Oct-Dec	 quarters	 (Table	 3).	 	 For	 this	 subgroup	
however,	there	was	no	significant	difference	in	AKI	severity	throughout	the	year,	




The	majority	 of	 publications	 of	 large	 series	 characterising	 AKI	 rely	 on	making	
and	 recording	 an	 accurate	 diagnosis	 of	 AKI	 through	 hospital	 coding	 or	
retrospective	review	of	hospital	records	[24-27].		As	a	result	most	studies	of	AKI	
focus	 on	hospitalised patients [4, 8, 24, 26-29], and do not include all  community 
acquired AKI, as a significant proportion of AKI in these settings do not result in 
hospitalisation [30-34].  We have previously demonstrated that using the electronic 
AKI data set provides a comprehensive characterisation of AKI across both 
community and hospital settings [14]. Our data therefore provides a comprehensive 
overview of trends of all cases of AKI defined by changes in serum creatinine.  It 
should be noted however that any patients for which there are no results on the system 
existing from the previous 365 days will not be identified, although these cases may 
represent AKI. Currently any abnormal serum creatinine result with no baseline 
creatinine comparator is highlighted as an abnormal result requiring clinician scrutiny, 
but is not included in our data.  
 
The	data	presented	represent	the	first	study	to	describe	the	seasonal	variation	in	
the	 number	 of	 episodes	 of	 AKI	 in	 a	 large	 national	 cohort.	 	 Whilst	 seasonal	
changes	in	disease	patterns	have	been	described	for	a	number	of	illnesses,	there	
is	no	published	data	regarding	whether	this	affects	the	seasonal	incidence	of	AKI.		
Our	 data	 demonstrates	 that	 there	 is	 a	 significant	 seasonal	 variation	 in	 the	





admitted	 and	 managed	 in	 the	 community,	 as	 well	 as	 those	 cases	 detected	 in	
primary	 care	 and	 at	 the	 hospital	 front	 door.	 	 This	 pattern	 therefore	 does	 not	
reflect	 the	widely	reported	winter	rise	 in	emergency	medical	pressures	 in	NHS	
hospitals	 across	 the	 United	 Kingdom	 which	 is	 accepted	 to	 reflect	 admissions	




surgical	 specialties	however	 the	 fall	 in	 the	number	of	 episodes	 throughout	 the	
year	was	seen	for	alerts	generated	in	general	surgical	and	urology	location	codes	
only	 and	 not	 in	 in	 trauma	 nor	 cardiothoracic	 locations.	 	 	 It	 is	 interesting	 to	
speculate	 that	 in	 the	 latter	 two	specialties	clinical	activity	 in	not	a	reflection	of	
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“illness”.		Trauma	cases	relate	to	“human	behavior	patterns”	rather	than	disease	
and	 tend	 to	 reflect	 patterns	 of	weather	 and	 temperature	whilst	 cardiothoracic	
surgery	 activity	 generally	 reflects	 elective	 planned	 surgery	 which	 leads	 to	 a	
consistent	 number	 of	 procedures	 throughout	 the	 year.	 In	 contrast,	 for	medical	
specialties	 and	 general	 surgery,	 clinical	 activity	 is	 more	 closely	 associated	 to	
“illness”	 rather	 than	 elective	 activity,	 although	 we	 are	 unable	 to	 distinguish	
between	elective	and	emergency	cases	and	this	therefore	remains	speculative.			
 
Whilst	 demonstrating	 a	 significant	 trend	our	data	does	not	however	provide	 a	
clear	explanation	 for	 this	 trend	as	 the	e-alert	system	is	 IT	driven	and	based	on	
creatinine	 values	 only.	 	 There	 is	 therefore	 no	 clinical	 context	which	 precludes	
inclusion	 of	 clinical	 information,	 such	 as	 patient	 co-morbidity	 and	 linkage	 to	
primary	care	data	sets.		It	also	lacks	the	detail	of	the	cause	of	AKI.		In	the	majority	
of	cases	AKI	does	not	represent	intrinsic	kidney	disease	but	rather	a	response	to	
other	 primary	 illness	 which	 leads	 to	 reduced	 renal	 perfusion.	 	 The	 seasonal	
variation	 in	 AKI	 incidence	 is	 therefore	 likely	 to	 reflect	 that	 common	
causes/precipitants	of	AKI	demonstrate	seasonal	variation.		Seasonal	variation	in	
disease	 presentations	 and	 hospital	 admissions	 is	 a	 well-described	
phenomenon.		For	example,	acute	myocardial	infarction	is	more	common	during	
winter	and	spring	[36,	37].		Whilst	the	explanation	for	this	remains	unclear	it	is	
postulated	 that	 the	 likely	 link	 is	 the	 association	 between	 variation	 in	
temperature	 and	 biological	 factors	 which	 contribute	 to	 disease	 pathogenesis	
such	 as	 blood	 pressure	 [38]	 and	 other	 metabolic	 factors	 [39,	 40].		
Epidemiological	 studies	 in	 diabetes	 have	 demonstrated	 that	 hypoglycaemic	
episodes	 are	 more	 common	 during	 summer	 months,	 whilst	 hyperglycaemic	
complications	 are	 more	 common	 in	 the	 first	 months	 of	 the	 year,	 with	 said	
patterns	 ascribed	 to	 changes	 in	 calorie	 consumption	 and	physical	 activity	 [41-
43].	 	 Increased	 incidence	 of	 Gram-negative	 bacteraemia	 has	 been	 reported	 in	
summer	 months	 and	 associated	 with	 elevated	 monthly	 outdoor	 temperatures	
[44-46].	 	 Community	 acquired	 pneumonia	 in	 contrast	 is	more	 common	 in	 the	
spring	 and	 winter,	 as	 a	 result	 of	 	 the	 combination	 of	 circulating	 respiratory	
bacteria	being	more	prevalent	during	colder	seasons,	and	people	spending	more	
time	 indoors	 during	 colder	 months	 [47,	 48].	 	Trauma	 is	 another	 potential	
predisposing	 factor	 for	 the	 development	 of	 AKI.	 	Studies	 have	 shown	 that	 in	
paediatric	 cohorts,	 admissions	 relating	 to	 trauma	 are	 highest	 during	 summer	
months,	presumably	as	children	spend	more	time	playing	outdoors	during	these	
warmer	 months.	 	In	 contrast,	 adults	 are	 more	 likely	 to	 be	 admitted	 with	
significant	 trauma	 during	 winter	 months,	 due	 to	 an	 increase	 in	 falls	 and	
accidents	 relating	 to	 ice/snow	 [49].	 	 	 It	 is	 likely	 that	 each	 of	 these	
aforementioned	 diseases	 influence	 the	 seasonal	 variation	 of	 AKI	 and	 further	
studies	 are	 required	 focusing	on	 the	precipitating	 factors	which	 lead	 to	AKI	 to	
provide	a	robust	link	between	disease	aetiology	and	the	seasonal	variation	that	
we	have	described.	 	A striking and somewhat unexpected observation in this study 
however is the consistency of the seasonal trend across all of the sub-groups of AKI 
that we have examined. 
	
	
In	 addition	 to	 the	 seasonal	 effect	 of	 disease	 incidence	we	have	 also	 found	 and	
temporal	 association	 with	 outcome	 following	 AKI.	 	 There	 was	 however	 a	
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disconnect	between	seasonal	trends	in	incidence	and	outcome	as	mortality	was	
highest	 in	 the	 first	and	 fourth	quarters	of	 the	calendar	year,	 that	 is	during	the	
winter	 months.	 	 This	 is	 again	 consistent	 across	 CA-	 and	 HA-AKI.	 	 For	 CA-AKI	
mortality	was	associated	with	disease	severity	at	presentation	as	the	AKI	stage	at	
presentation	 was	 also	 higher	 in	 these	 two	 quarters,	 as	 was	 the	 need	 for	 ICU	
support.	 	 This	 association	 with	 AKI	 severity	 as	 assessed	 by	 these	 simple	
parameters	 were	 not	 however	 apparent	 for	 HA-AKI	 patients.	 This	 pattern	 of	
mortality	 is	 reflective	 of	 the	 accepted	 patterns	 of	 mortality	 associated	 with	
“winter	pressures”.		Excess	winter	mortality	has	been	described	in	studies	dating	
back	 over	 a	 century	 [50],	 with	 an	 increase	 in	 all	 cause	 mortality,	 	 mortality	
related	to	cardiovascular	disease,	stroke,	respiratory	disease	and	gram	negative	
bacteraemia	 all	 being	 reported	 [51-53]	 .	 In	 the	majority	 of	 cases	AKI	 does	 not	
represent	 intrinsic	 renal	 disease	but	 occurs	 as	 a	 result	 of	 dysfunction	 of	 other	
organs	 leading	 to	 septic,	 ischemic	 or	 toxic	 insults	 to	 the	 kidneys.	 	 Although	
without	 additional	 clinical	 information	 our	 data	 set	 does	 not	 shed	 light	 on	 the	
cause	of	death,	 it	 is	 likely	 that	 the	seasonal	 trends	 in	mortality	reflect	different	
patterns	 of	 mortality	 associated	 with	 the	 primary	 underlying	 diseases	 which	
precipitate	AKI.		
	





winter	 mortality	 association	 with	 numerous	 primary	 illnesses	 which	 may	
precipitate	 AKI.	 	This	 study	was	 derived	 from	 a	 biochemical	 data	 set.	 	 Further	
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